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Abstract of JP11 238925 

PROBLEM TO BE SOLVED: To provide a 
magnetic element, whose magnetic resistance 
change rate is large and whose saturation 
magnetic field is small and whose resistance 
value is small, even if it is worked into a fine 
element form. SOLUTION: A stacked film 
having the ferromagnetic layer 13 (or 
ferromagnetic layer which is cut by a dielectric) 
of at least one layer, which is sandwiched by 
dielectric layers 12 and 14, and first and 
second metal layers 1 1 and 15 which are 
stacked/arranged with the ferromagnetic layer 
13 (or ferromagnetic layer cut by a dielectric) 
through the dielectric layers 12 and 14 is 
provided. At least one of the first and second 
metal layers 1 1 and 1 5 is constituted of a 
ferromagnetic body, and the stacked film 
shows spin polarization tunnel effect through a 
discrete level formed in the ferromagnetic layer 
13 (or ferromagnetic layer cut by a dielectric). 
The magnetic element shows the magnetic 
resistance change rate of not less than 30% at 
room temperature, for example. 
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TdMR^iU^IBttJI 2 1, 2 5 LT , FeMn. 
PtMn. IrMn, PtCrMn. NiMn, Ni 
O. Fe, O s 2rif0>EBflKtt]S2 6£EBU £*>R 

3SSS14JK2 6 rxatwsraanrt- * i k t«fc -5 
t . vmmnx t izffig-t & z. t twt l 

[005 1] H6~H8fcSi«r»BW^-y FfflJR 

«6ftfc*iVvc, «fl0BH(tttt (RKtt*JJ:t*BHKfi> 
4 k T&ifffcKSl^ v H £fl|jft-?-4 CI k 

m. »»ttJi2 2. 2 3««aatJi-c**. H7tc*jv* 

T . 3SE£ttJI 2 2 (i&figtt Jf . Rtftflkffi^lft $ tl «St 

e 2 3 (iaKtiwr-ft 4. hsks^t. 3$&tt* 2 2 

*r»WSitfe5fiSa*t«i:K*«5t^Jia«JK2 514 
[0052] ±MLt:X d*a**(C*^T. BHi+J* 
3££-tt4£klcJ:o-<:. HDD ol&HMto* 4» <oiliia 



mm 4 y Kwawcfc v >-c & 4 £ k a* 
[0053] mz\ ^f^oKAx^^aniiEiiam: 

*Wr**&«»T-flBftt:ov»TRWr4. 09H3 1 

iW)BH«a«t35%+1lr1ilHT** . 
[0054] 09*SJ:uqai Ot4«R«SBiajLS:S3tL^ 

34^14^ 2 2.23 »Ktt« 4 

^(4l^m-C^ffli$il7t3iSSttJi 2 1. 2 51C&LT. 
FeMn. PtMn. IrMn. PtCrMn. N i M 
n. Ni O&irOKSgncSttffit^e^KSL. ^cT)K5S?S 

ffl! 2 6 r xmt: ensn-r & cttci^T. 

&M0>X f >- 5: -^-ffij 4 i k i L V -> . EI 9 

izti v . 2 2 (i®:^tt« . SiBi^sWBBg; $ 

ix^ 3^tt® s fetttw*T*w § ta&m&m 2 1 1 

3ifiStt®2 3(±?!!fiS14ST'^4. Hi OtcfcVT. 3tJS 

[0 0 5 5] &tz. 01 mxi/mi 2i&mmmttiL 
&®kmm&mt*:mmzmi!rit&zttzj:^x. 

ft UitJ J: »#&*«£»(*. «8BK*T«CS8[ttJBco 

mxwtfrftTfz t in- z h . mi ltfe^t, ^tta 

2 2(4«Ktt«. «»iWSfaWeiSSn43ita[tt«4^J4 
««f*T'4MlrSiife»«[tt« 2 1 tmtftm 2 3 (4®?iS 
ttWTft*. mi 2(C&^T. 3^14*2 2 irtX^tt 
«. 8iScmfi^«$ii43SBStt€4^(4f5SmT'^ISi 
§^^3S?S1±ii 2 1 (4««ttJl"C& 0.^2 O^iRSti 
IHB[i4*JWI2 7T*4. 

[0056] 3iiSt1i«2 2. 23tli, Hi SlZ^-TJ: 

0 iz . jg m<7>imimtf&temimzi2i'& t Jtatt* 2 

8/2HKtt#2 9/iS14f*:3 Oflt jS«oa®M^fflV^T t 

[005 7] -etT. HI 4<C*-f J.d(c. ±xEL7tJ: 
5 3r**BJitf«4S^^r 3 1 Sr h y Sitx* 3 1 , * & & 
^7>fy32. m&ftLyJ >3 3. t*7h7'fy3 4 
4- if i: *fc-t/l'«fc:««Lht:»«IJnx^ & 

[ 0 0 5 8 ] ^rt5. WJCLfc J: o tz. *9mvmstlSH- 

teom^ y )<*&mmmttt'cr>m\i$&izmL>-? . 
-t&zthxzz,. 

[0059] 
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[0060]^, J2lTfc*"t*SOt«T1i, 100 x 1 
>\-V4\-h LTJPS 200rnOAuJiS:|S{tT^S. 

[0061] mm i 

^'Cy^aaiSrffl^T. Fe. Co 5 Fe s Pt 2 . A 
1 &?—5r*y bb VXArJfXHi ]X10- 8 Torr"Cfflt*4> 

f&m {-mrnn^M^-) zmmttz. t-r. si/a 

1 2 O s SSJiC^^/^X^I-iViTAu (200nm) / 
F e (50nm) /C o - F e - P t (0. 5nm) WM&f&JB L . 
K^T^^l-vA^&^J&Lfc&tCA 1 £ lmu&R 
L. A IJKSrr^XvBMtLfc. 

[ 0 0 6 2 ] JJeL-fc A 1 2 O s BLBCC o - F 

e-PtS- 2rmSrJ*itU ££>lCA 1 £ lratfSRLTT 
^X^HtftLfcffc. *^U^h*«IB«eiHH: Lxm 
^. -ecr)±tCCo 9 F e (40nm)/Au (200mn) ^ffiarfS 
KLfc. 3 tcLT. Fe/Co-Fe-Pt/A 

1 2 O s /Co-Fe-Pt/A ] 2 Oj /Co s Fe 
tSii (EI2^L^«it) <0 100 jum 2 ftiQ 2fih>* 

>u«£-£fEKL*:. 

[00633 cioi: ^ tzLximitiwekoA-jtomi: 
mfeLtj&m, nco-pe-pttsa 

WttftW/hSliFe/Co-Fe-Pt. Co 9 Fe 

2©«Oh ^f'J ^Xflilfo&HHa^iut . 
[0064] 4fc. SCHwHtaiSaSSfltfs. SfrFSEEtf) 

-*-£«E«£iiK»LTC*< fc . L£ ^«£E«U2Lh-C 
S^ftfitf^JSakK*^ LT B«!aHj0»»s&«Ji* LT v » 
* . C ixiiC o-Fe-Pt fc»*S*tfc»MettlI 
tfcPfiSrtf- LfcX \Z>1ffi b >*;^SCSo"< 1> <7)T' 

fK£X3fC3LK£ t C J: ->T , M R«**** < i&mtK 

[0065] ii6 iz^itzwsmtmMmwi 

tJlftfc. Fe^itXCog FelitflOOe fcV>5'Jv5 

» t>1xX whZ.b tMtfrh . sfir*5 . S»M(J| fc LT S i 
0 2 N A 1 N, MgO, B i 2 O s . MgF 2 .CaF 

[00 66] mt&M2 

X;*-y?mW.2:m^X, ArtfXK lXlO- 3 Tori"TBS*§ 

iStlC^^/m^arffl^TAu (200nm)/F e (40 
iM)£jR|RLfc«, Co 8 Ptj mZlOnrntimLK. <x 
v>x\ *?jU-?X7*:3mLf.:mzCo s Pt 2 tSi 
0 2 b t LT, Co 6 Pt 2 tSiQ 2 Oft 



Pl> S^NMT^^OOUWf^^fiJcliSr^^T. (S 
i 0 2 T#lflj£:il7tC o 8 Pt, M/S i 0 2 ) CM®. 

[0067] Z<0±iZ S i 0 2 £ InBlfclSLfcSL * * 
^^^LtCo 8 Pt 2 (20.5nm)/Co 9 Fe 
(40run)/Au (200nm) S-JIMLfc. C«0<t d.icLT, F 
e/C o s Pt 2 /Si0 2 / (SiO; X'ftWiZtLtz 
Co 8 Pt 2 /Si0 2 )/Co 8 Pt 2 /Co s Fe 
USitO 100 jum 2 2fth>*;Uii-& (H3fc:^L£: 
flfit) . F e/Co { Pt 2 /Si0 2 /(Si0 2 t 
#Bf$*UfcCo 8 Pt 2 /Si0 2 ) 2 /C o 8 Pt 2 
/Co 9 F e#£j£<D 100//m 2 ^<7) 3lFy^^|- 
f^L^„ 

t o o 6 s ] Zen* o iz Lxim i?z&mnco*}-$b%: 
zMfeLti&m. mzjjtf^z^s i o 2 Ttimztiti 
co s pt 2 mtm&Ji&kbmw^iiF e /c o s p 

t 2 . Co 8 Pt 2 /Co 9 F ec7)bXxU^Xft|g<7) 

[0069]|;t. * 
^mjE^EnJnffiJE^tt^M^^^lIl 7t^rT. n 

1 ifr^m^zomirhmE.m.*m s $>Lx\-><thz> l 

*tJCo, Pt 2 izmtfLZixtzWimtiLZitVtzxV 
b y t>ixx\->&zk „ ? h 

ens a . mm&izM u^e y*^p 

uiCi-^t, HI 9 (.C^-rj; 3 CMRffl^f < ffijft 
fitiOS^^ST^ &<I 2: £5nLTt ">•£>„ $^>^, ttft 
Sc^^M^-y H. ^-t sasgEIW^-fc LTft 
^#ttS-^L^. 

[0070] =5r&. K««cJi**A 1 2 O s , A1N. M 
gO. Bi 2 0 3 s MgF 2 . CaFj *fflVVfe*^t 

[0071] mmms 

jizz&mffl'tf-y&mmLx . digits i»s±<c 

05fc5?LJt3^*JtSrfa!L/S. *-f. C o s Pt, 
tSi0 2 &?—7y hi: LT. C o 8 Pt 2 tSiO 

4T*%40toWttifibmmZ'ft^ti t ^ccork. SiO 

2 SrlnnifiJtJ^LT. lOO/xm 2 ^<^)S i 0 2 / ( S i O 
2 T^»r$ix^Co 8 Pt 2 /Si0 2 ) 2 ^it^m® 
Bfeimtt:. %V>meOArtfxmi lxiO-^Torri: L 

[0072] -lcr>±lZ. C r-lXtmH^m^XV-J 
Xb£W-~>7Ltt£. ±gP54BStt®t LTCo 8 
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(9) 
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Fe 2 /Ni s Fe, SrjftKU 0 7 h^rylzX 

Sr LT-ttft^ttfcff-S- L 

fz,. 

[0073] z\cn j: f, (c LTfl^L^t^^jyftffi^ 

£02 OtS^-. 02 0*^^(CEpjn-n»mEfI*rii 
^LX i: ^ >mEflJ^J:-C'*TJfttiL^}ii^ t 

LT^-2>„ 

[0074] *3t . i2i iz^^Mtm^m^M. 

Co 8 Fe 2 /N i 8 Fe,®ii;fr 60e tVo 

ifcW* £>ixT u & .1 4: A^* 1 & . 
[00 7 5] 5r*S, itftltLTA 1 2 O s , Al 
N. MgO. Bi 2 O s > MgF 2 . CaF 2 arfflv*^ 
WrSlziii >T t [5l«{7)#.rfil5: ^ Lit . 

[0076] mm* 

S i ifchCA u (200nm) / I r -M n (15nm)/C o 9 
F e (20nm) arAr tfXfE 1 X 10" 3 TorrTflUK L tz . <KU 
T\ Co s Pd 2 4:A1 2 0 3 — b t LT » C 
o 8 Pd 2 tAl 2 0 3 (Dfcmttf UUZ^hXoiZA 
rtfXEX' lxlO" s Torr. 0 2 tfXK 1 xlO- 5 TorrT3S 

tcifi^fmz'iiitz* 

[00 7 7] A 1 2 O a (lnm) tfO c a p M 2r JfcJK 

n^tCi^T, Al 2 O s /(A] 2 o 3 T^ISrS 
MCo 8 Pd 2 /Al 2 O s ) *SjtiDJItt«JigL A 

1 £ O s / ( A 1 2 O s X'ftmZtltzC o e P d 2 /A 
1 2 O s ) , «&<a*#«JMt«rfRKL*i. Kfc, A 1 

2 0 3 *«BBeaKfctTffl^fe». ^<0±<C Ar# 
XJE lxlO- s TorrT'X'^ y^ LTC o 8 Pd 2 (O.Snm) 
/Co 9 F e (10nm)/N i F e (30nm)/A u (200nm) £ 
MtfLLtz. ZcoXdizLX. IOOju 



mifz. %<m. mm* soo-cc -c gyi+Mn l t - 

[ o o 7 s ] j: t LfcK*^E»usfl3E 
m?m&nmun&im&$:MjE.Ltz. *<n&k 

-^lt^< t»4 l# i >wKmv.±x'm?&tKftm- 1 

n uxx \*&zbtM*&&. z<7>zt im=? iz emt& 
m&tfzitm^zm^mmzmmizm^z ta-Jt, 
MRmtf±%<im&0m?tfmmx'£z>zt$:7fiLx 

[ 0 0 7 9 ] 0 2 3 fc^ffl8^tt3&Stt«S:.ft 
ftfc, Coj Fe/N i FeJIliift50e 4:^0^$$: 

■yb\ HW-fe>1?\ S8^ieig£-?4: LTA*F*»ttSr* 
LTV>-2> .14: „ 

[ 0 0 S 0 ] 3rfc. fS^f*® i: USiO, . A 1 N . 
MgO. Bi 2 0 3 , MgFj . CaF 2 SrffiV^^ 

[0081] £tfcffl5 

1 (c*-rtS3^**-r-l» lOO/xm ^ ^o^fil- 

y*>vi%<& am vtz . ^M^au^MCT i -^ife^J 5 

[ 0 0 S 2 ] #f^<^fi£J^in^fl2^ S^mEEOEpjP 

w*?Lx^<th&L%<< ^msmxtx-m^trntfim' 
fc. i^4>#t*Pt^ftKiMW^«a[*aain ttz t # «o 

(CS^^ 4: tc £ -oX . MRlii^l < Wma&HfiX 

mx'Z&zkZvULXi^. ztz. is^mmmm^y 

titz. 

[0083] 
[*1] 
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A u {20Oun> «/A u <20Qnii> 


JHFtt 
(O) 


mat* 
»> 


Ni-Fe (20nii)/Co8Pt2 (30db)/A1N (lna)/ 
(AINT#W£ttfcFe8Pt2/AIN) 2/Co9Fe MOnn) 


0.6 


37 


NiknSb <30nn>/SiO2 (liim) / 

CSi02 $nfcCo7Pd3/SiOZ)/Co9Fe (SmO/Ki-Fe (20nn) 


0. 45 


31 


Co (30nn) /A 1203 (1 nm) / 

fol203T#»i3*lfcFe8Pt2/AI203) /Co7Fe3 (40nn) 


0.1 


42 


LaSrMDQ3-y (30nn) /Co ( 1 m) /S i 02 ( 1 mi) / 

<Si02 T^»rSnfcCo8Pt2/Si02)/Co9Fe{5nia)/Ni-Fe (20ni} 


0. 5 


31 


Fe(30DB)/CaF2<lmi)/ . 

(Si02 T##r;*n£Co8Pl2/Si02) 2/CoFe Bori/Ki-Fe (20ni) 


0. 7 


29 


Ni-Fe (20na) /CoFe <] Onn) /A1N (] ni) / 

<Si02 T# Iff $*l*:Co8Pt 2/S502) 2/Co9Fc UOnn) /Ni-Fc <20n») 


0. 3 


41 


Fi-Mn (20mi) /Co8Fe2 (lOoiO/AlKUnn)/ 

$n*:Co8Pt2/AlN) 2/Co9Fe <20nn) /Ni-Fe (20nm> 


0.5 


28 


FeHn (20nri /Ki-Fe (2Qd») /Co8Fe2 {3nn) /S i02 (Idid) / 

(Si02 2*lfcCo8Pt2/Si02> 2/Co9Fe (2nn) /Ki-Fc (30na) 


0.6 


38 


Fe (2(tan) /CoFe C20m) /Si02 dim) / 
Co«Pt2/Si02/Co9Fe I2ni) /Ni-Fe (30nn> 


0.5 


39 



[ 0 0 S 4 ] 

[fHBwJWW JSJbfWJUfcJ^fc:. *»^«5»*^ 

m^x . s»TfeBiii«EtcjctTttj«atttt3wt*3& i 

[HI ] SMSftSKtthv^/MS^fcfettix^dp- 
>tf x >' > -v ;P Sr^-f HTtfj & . 

r n 2 j *»HBtfD* i com$m=F<?>-mMBm<7m* 
[03] 2 cobbr*?- n-mmmmtom* 

[04] 0 3 (c 5c*-ttS«F?*)3aBtf!l £ ^-T Kfrm MX' 

^mmm^-trnmrnx-h^ . 

[07 ] 4^^8MQR?^Bttl^<y KfciSJfl-*-*ei 

[ 0 s ] ^swoKsai^ 5- sbs^ -y k tzmm-t •§> lei 
^nt^5tc7)$ izmco^tmm^^^mmmx'h h . 

[09] *$&g|oH«t*T £tt9lEf»$?(3gAl-*-* 



[010] ^l&BfloSgMs^ £ ESMf E*J3^ (c iiffl-T 
^(^cOMmjt^ffiJ^HM^.ar*^-KJr®0-C-^i>. 

t0ii] *?rawia««^*asRiE«*^t:jaffl-f- 
[012] *min®5tt?zi8S&sSMm? tzmm-t 

[013] *«W^«B^«^)flfi<0«3!tW Sr^-TKffffi 

0T£>&. 

[014] *m\<7>®.fsm=f-* mm ttzmmmm? 

[015] *n^nit« i tw i ^HtatsH^BaaK 
m^-fL^fc J: y^^-m^EnjumjEiK#tt$-^0T'$) 

4. 

[0i6] *%9i<?)2gte0i i c x z>m9m?<7)®.m& 

[017] *m\commm 2 j: sjs^^wjss^ 
tmiim& x vm?^<nmm&imii£*-mx'$> 
4. 

[0 1 S ] *«HHOHttW2 1 J: iKSR*^^ t> 
0T&l>. 

[019] *«BB«HtfiM 2tC<t ^i^S^^ffi 

m^m&*7f?tmx'hh. 

[020] *^BJi7)HM^J 3(C«t 4ESm^^^lSmjS 
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[022] #3yj|0)SStitfl 4(:<ti> l&M^^&ftift 

r ii 2 3 : 3 widtw 4 iz x & ®.$m?<7Mm&. 



I J&lOMflBtta 

2.4. 12. 1 4 mmm 

5 m3<mm&m 

6 £JgJf 

I I mmm*t>%&m i <o&sjb 

13 

1 5 S*«att*4fc«3lNKtt#:*»4>'Sr4»2^AKJi 

1 6 Rm*-C^Br3ii3tgS8BtttJB 

1 7 RIKflc 

1 S ffeSBiiffc 



[01 ] 



[02] 



1 > ! c 2 > ! c 3 vc 4 s i c 5 



•t 



-> Z 



(n) 





•1 1- 



-<D- 



12 14 

-£ £ 



-1 3* 



-0- 



-1 5- 




T 



-«V 



[010] 



+ 
+ 



<b> 



t 



-> z 



-11- 



[03] 



17 18 



M 



05- 



12 16 14 

— ©- 





—2 2 

25 
—2 6 
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[04] 



[053 



[01 23 



-11 ~ 



16a 160 16c 
L L, l 



M 

u 



-15- 



12 14a 14b 14c 




1 




✓ r / 




-2 2 

-24 
-21 

-2 7 




[09] 

[08] 
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mi i ] 



[HI 3] 



[124] 





-2 2 

-21 
-24 

-2 3 






-3 0-1 
-29 ^22 

-21 
-2 4 



>28 



H 



J .12^ 



VCB 



[Hl 4] 



n T2 



[015] 



4 15 



a a 



• I ClA) 



a 2- 



•0 

— 




3 


> 

4 






> 


f 


f * 








« 






1 1 






< — 


























<*). 




1 


.(J). 






















v 






» < 






) ■ 







< 3 



[HI 6] 

Fi^U^/Oo-Pe-Pt/U^/CbgFe 



erf 
2 



25 





r . i i ! i . i - 


| i i i | • I - 


1 ■ 




• . , a~l__l_ * . 1 


. . . r . m 





-600 -400 -200 



0 

U(G) 



200 



400 



600 



o MR 00 



Pc/Corre^Pt/l]203/0tr-r»-Pt/A1203/Co/« 
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[017] [HIS] 




V (mV) 



[Hi 9] 




-1000 -500 0 500 1000 

H (G) 
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(15) 



WHW 1 1 -2 38925 



[0203 [023] 




V <mV) 



[02 1 3 



40 r — i i i 1 1 1 — i i i | i i p i 1 i i j i 




H (G) 
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[022] 



• . * : IrHIa/Co 9 Fa/Al 2 (y(^^^C^A] 2 03) 2 




V CmV) 



cwsnnr.in- <.ip 4H23B92sa 1 > 



